Chemoprevention began to be considered as a potential strategy for lowering the incidence of cancer and cancer-related deaths in the 1970s. For clinical chemoprevention trials against cancer, including colorectal cancer (CRC), well-established biomarkers are necessary for use as reliable endpoints. Difficulty in establishing validated biomarkers has delayed the start of CRC chemoprevention development.
| INTRODUC TI ON
Cancer is a major health problem and a leading cause of death. In 2012, an estimated 14.1 million new cancer cases and 8.2 million cancer deaths were reported worldwide. 1 Over the last two decades, although there have been great advances in cancer treatment, including the development of more effective drugs with better safety and more precise molecular targeting, adverse effects remain a major problem. Newer cancer treatments are also extremely expensive. Thus, as a cheaper and more effective strategy towards the goal of decreasing cancer mortality, chemoprevention is drawing more attention.
Cancer chemoprevention has been defined as a pharmacological intervention to arrest or reverse the process of carcinogenesis. As a chemopreventive agent is intended to be taken for long periods of time, it needs to meet certain requirements ( Table 1) .
Regarding CRC, the removal of colorectal polyps has been shown to reduce the risk of future development of advanced colorectal adenomas and colorectal cancers, thereby reducing colorectal cancer death. 2 Although the resection of polyps is an effective tool for reducing CRC, patients with colorectal polyps also constitute a highrisk group for the development of CRC. 3 Therefore, newer strategies for prevention are needed to lower the burden of this disease.
Herein, recent progress in the chemoprevention of sporadic CRC will be discussed and the potential for chemoprevention and future opportunities will be highlighted.
| PROG RE SS OF CRC CHEMOPRE VENTION
Both genetic and environmental factors, such as smoking and high meat consumption, are known to contribute to the risk of developing CRC. 4 Thus, primary prevention strategies focusing on modifying these lifestyle factors have already been tested. Chemoprevention has been a subject of intensive research for the last 4 decades. For a better understanding of progress in CRC chemoprevention, a comparison with the chemoprevention of cardiovascular events is helpful ( Figure 1 ). A successful method to measure blood pressure, which is a useful biomarker for the risk of cardiovascular events, was first established in the 1900s; since then, it has taken more than 80 years to implement chemoprevention for ischemic cardiovascular disease.
After a delay of 8 decades, the development of CRC chemoprevention has also now begun with the demonstration of the adenomacarcinoma sequence in colorectal carcinogenesis. 5 One of the important tasks in the development of cancer chemoprevention is the establishment of a valid surrogate endpoint. Although the incidence of cancer itself is the most reliable endpoint in clinical trials, setting it as the endpoint is unsuitable because of the relatively low occurrence rate of cancer in the general population and the need for a prolonged observation period. The surrogate endpoint should be an intermediate event along the carcinogenesis pathway, and the modulation of this event should be reflected in modifications to the ultimate outcome, which is the incidence of cancer. Difficulty in establishing a valid surrogate endpoint has delayed the start of progress in CRC chemoprevention. For cardiovascular events, reliable endpoints, including blood pressure and serum cholesterol, were established much earlier and permitted the accelerated development of chemoprevention. 6, 7 Moreover, setting the cardiovascular event incidence itself as the endpoint may not be unreasonable because of the higher incidence of cardiovascular events in the general population, compared with that of cancer. In colorectal carcinogenesis, the development of an adenoma is considered to be a reliable surrogate endpoint. Another available surrogate endpoint is the development of ACF. Takayama et al 8 reported the existence of a relationship between number of ACF, presence of dysplastic foci, size of the foci, and number of adenomas. In fact, the usefulness of ACF as an endpoint in chemoprevention trials has already been reported. 9
| C AND IDATE AG ENTS FOR CRC CHEMOPRE VENTION

| Non-steroidal anti-inflammatory drugs and aspirin
Non-steroidal anti-inflammatory drugs, including aspirin, are the best-investigated class of drugs as chemopreventive agents against CRC. The first description of inverse association between aspirin use and the risk of CRC was published in 1988. 10 Although the underlying mechanism has yet to be defined, NSAIDs are believed to prevent CRC mainly by inhibiting COX-2. 11 Although COX-2 is undetectable in the normal gastrointestinal epithelium, it is detectable in 40% of colorectal adenomas and in more than 80% of CRC. 12 In clinical studies, the non-selective COX inhibitor sulindac reduced the number and size of colorectal adenomas. 13 Thus, newly developed NSAIDs that selectively inhibit COX-2 were expected to be useful as chemopreventive agents and have been used in some RCT. 14 In the Adenomatous Polyp Prevention on Vioxx (APPROVe) trial, rofecoxib significantly reduced the risk of the development of colorectal adenomas by 24%. 15 In another trial (Adenoma Prevention with Celecoxib [APC] study), celecoxib reduced the number of adenomas in a dose-dependent method. 16 Although these results provide clear evidence of the beneficial effect of coxibs on the risk of recurrent colorectal adenomas, coxibs are unsuitable for use as chemopreventive agents because they also cause significant cardiovascular toxicity. Based on observations of an increased risk of cardiovascular events, the data and safety monitoring board recommended the early termination of both trials. 17, 18 Among the NSAIDs, aspirin is the only agent with a rather low gastrointestinal risk and no cardiovascular risk. Although remarkably consistent epidemiological data have shown that aspirin intake is associated with a decreased risk of either colorectal adenomas or cancer, 19 RCT for aspirin in which the cancer incidence was set as the endpoint yielded discouraging results (Tables 2,3 ). 20, 21 However, a follow-up study of four trials of aspirin versus a control for the prevention of vascular events showed that aspirin taken for several years reduced the long-term (median follow-up duration, 18.3 years) incidence and mortality arising from CRC. 34 In high-risk patients, Ishikawa et al 22 carried out an RCT and reported that aspirin decreased the incidence of adenomas by 40%. Several other RCT using the incidence of colorectal adenomas as the study endpoint have also supported the ability of aspirin to reduce the recurrence of adenomas. [23] [24] [25] [26] 
| Metformin
Metformin, a member of the biguanide family, is an insulin-sensitizing drug and is currently a first-line oral drug for the control of hyperglycemia in patients with T2DM, according to both national and international guidelines. 35 In addition to the therapeutic effect of metformin on T2DM, there has been increasing evidence supporting its anticancer potential. The antitumor effects of metformin are mainly twofold: one is an indirect effect resulting from systemic metabolic changes, including decreases in plasma glucose and insulin levels. Insulin decreases the expression of insulin-like growth factor binding protein (IGFBP) and induces the expression of insulin-like growth factor-1 (IGF1). Both insulin and IGF-1 are proliferating factors that promote cell proliferation and suppress apoptosis. The other is a direct effect on tumor cells, which can mainly be explained by activation of AMPK. This latter mechanism involves the AMPK/ mTOR signaling pathway, which inhibits protein synthesis and gluconeogenesis in tumor cells. A number of epidemiological findings suggest that exposure to metformin may lead to a reduction of cancer incidence. 36 Recently, meta-analysis data have shown that the use of metformin in patients with T2DM is associated with a significantly lower risk of colon neoplasia. 37 Interestingly, in a clinical trial of non-diabetic patients, giving short-term metformin at a small dose suppressed ACF formation in the rectum and colonic epithelial proliferation. 38 More recently, Higurashi et al carried out a double-blind RCT to investigate the efficacy of metformin. They found that giving low-dose metformin for 1 year to non-diabetic patients after a polypectomy for a clean colon reduced the incidence of adenomas by 40% and the total number of colon polyps by 33% without causing any serious adverse events. 27 This result suggests that the antitumor efficacy of metformin is not merely due to improved T2DM control.
| Omega-3 polyunsaturated fatty acids
Based on epidemiological evidence suggesting that populations with a high intake of fish have a low rate of colorectal cancer mortality, some studies have evaluated the influence of PUFA on colorectal carcinogenesis. 39 Although some observational studies suggested an inverse relationship between higher fish consumption and colorectal cancer, 40 others found no such consistent association. 41 An observational study suggested that the intake of marine n-3 polyunsaturated fatty acids may be inversely related to the risk of colon cancer, particularly at proximal sites of the large bowel. 42 A metaanalysis showed that fish consumption decreased the risk of colorectal cancer by 12%. 43 The (v) increased cellular oxidative stress. 44 However, interventional trials providing encouraging evidence have been sparse. An RCT carried out for polypectomized patients found a tendency towards a reduction in colorectal tumor incidence after 24 months of an advice-based intervention to increase the intake of omega-3 PUFA. 28 
| Calcium and vitamin D
There are several observational studies suggesting that calcium may have a chemopreventive effect against colon adenoma and CRC. 45, 46 One possible mechanism underlying the protective effect of dietary calcium on colorectal carcinogenesis is its ability to bind to toxic secondary bile acids and ionized fatty acids to form insoluble soaps in the lumen of the colon. 47 An alternative explanation is that calcium decreases the cell proliferative activity, stimulates cell differentiation, and induces apoptosis. Modulation of calcium-sensing receptors and the subsequent activation and its direct action as an activator/cofactor for activation of protein kinase C are essential roles of calcium in cell growth and proliferation. Some basic and clinical studies have shown that calcium has direct antiproliferative, differentiation-stimulating and apoptosis-inducing effects on normal and transformed colonic cells. 48, 49 An analysis of two large prospective cohort studies that examined the association between calcium intake and the risk of colon cancer showed an inverse association between a higher total calcium intake (>1250 mg/day vs ≤500 mg/day) and the incidence of distal colon cancer. 50 Despite these findings of observational studies, the results of randomized trials are somewhat controversial. 29, 30 An RCT found no significant effect of calcium treatment;
the adjusted odds ratio for recurrent adenoma was 0.66. However, a meta-analysis of three randomized trials concluded that the risk of recurrence of colorectal adenoma was significantly lower for patients randomized to the calcium supplementation arm of the study. 51 Recent case-controlled studies have shown an inverse association between the serum levels of vitamin D and the incidence of colon polyps. 52 Despite these observational findings suggesting a preventive effect of vitamin D against CRC, the targets and molecular basis for the antitumor activity of vitamin D remain poorly understood. One possible mechanism is that vitamin D and vitamin D receptors activated by vitamin D repress β-catenin signaling, which is universally activated very early in colon cancer. 53 Regarding interventional trials, however, the largest RCT of postmenopausal women failed to show any marked effect of vitamin D on the incidence of CRC. 31 Furthermore, RCT giving calcium and vitamin D exerted no effect on the rate of invasive CRC. 31, 32 More recently, an RCT showed no significant efficacy of a F I G U R E 2 Forest plot of placebo-controlled randomized trials examining chemoprevention for colorectal adenoma. We found 12 reports of placebo-controlled trials for the chemoprevention of colorectal adenoma. One of them used a two-arm study design. Thus, we ultimately included 13 comparisons. A random-model meta-analysis that collectively evaluated all the treatment regimens suggested that the incidence of adenoma was marginally decreased with an OR of 0.71 (95% CI, 0.58-0.87; I2 = 83%). According to the subgroup analyses, metformin (OR, 0.42; 95% CI, 0.21-0.85), non-aspirin NSAIDs (OR, 0.52; 95% CI, 0.40-0.66; I2 = 74%), and aspirin (OR, 0.74; 95% CI, 0.63-0.87; I2 = 3%) decreased the incidence of adenoma. However, calcium and vitamin D did not decrease the risk of adenoma combination pill containing aspirin, calcitriol (hormonally active vitamin D metabolite) and calcium, perhaps because of the effects of smoking or the low doses of the tested agents. 33 
| Summary of RCT
In Tables 2,3 
| CON CLUS I ON AND FUTURE PER S PEC TIVE S
Chemoprevention of CRC has developed rapidly in the last 4 decades, and promising agents have been identified. Among these, aspirin appears to be the closest to actual clinical application. However, many problems remain to be resolved before aspirin can be used as a chemopreventive agent against CRC in clinical practice. First, we need to define an appropriate target population that is most likely to benefit from chemoprevention.
The United States Preventive Services Task Force (USPSTF) has published a recommendation regarding the use of aspirin for the prevention of CRC in its updated draft guidelines published in 2016. 54 The USPSTF provides a Grade B recommendation ("high or moderate certainty that the net benefit is moderate to substantial") for the use of low-dose aspirin for chronic disease prophylaxis, including CRC prevention, in adult residents of the US between the ages of 50 and 59 years with a >10% 10-year risk of cardiovascular events. Of note, the updated USPSTF recommendation is mainly based on the benefits of aspirin use, including the prevention of myocardial infarction and ischemic stroke, and a more conservative view of a possible reduction in the incidence of CRC. Thus, in countries where cardiovascular events are not as severe a problem as they are in the USA, the usefulness of aspirin might be more limited. In regard to detection of appropriate target, use of genomic information can be helpful. For example, gene polymorphism with a high sensitivity to aspirin is known, for example, SNP of COX-1, A842G, and C50T. 55 Second, studies examining combinations of chemoprevention and screening are necessary, as aspirin use is not a substitute for screening. 56 Particularly in countries where CRC screening is already highly recommended and widely prevalent, the question of how chemoprevention should work in the context of screening should be resolved.
Most of all, showing the preventive effect of aspirin in RCT that include the incidence of CRC itself as an endpoint is an urgent challenge. A clinical foundation for the chemoprevention of CRC itself will only be realized once agents with suppressive effects on the incidence of adenoma are approved.
Furthermore, exploration of novel "post-aspirin" agents is also needed. Low-dose aspirin intake reduced the risk of recurrent adenoma by only 20% even in a high-risk population, [22] [23] [24] [25] [26] which is a rather modest effect compared with the preventive effect of aspirin against cardiovascular events. Further research is therefore warranted to identify more effective and safer agents to enable CRC chemoprevention to become clinically applicable.
Metformin, which has been shown to reduce adenoma recurrence after 1 year of treatment in a recent RCT, 27 could be a candidate agent. If a large-scale RCT of metformin yielded positive results, the use of metformin to prevent not only other cancers, but also other obesity-associated outcomes could be examined in large RCT. 57 The combined use of multiple agents is also an option, as the concomitant use of more than one preventive drug (eg, antihypertensive drugs, statins, fibrates, and antiplatelet drugs) has a synergistic effect on cardiovascular event prevention. For example, the combined use of aspirin and metformin, which have different preventive mechanisms, may work synergistically. Thus, this should be assessed in an RCT for CRC prevention. Moreover, the combined use of these agents may lead not only to greater CRC prevention, but also to improvement in other obesity-related diseases. Similar to the case of aspirin, the efficacy of metformin treatment should be evaluated from the viewpoint of the total risk reduction for these diseases, which would reflect the true impact on a broader range of targets.
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